Introduction {#sec1}
============

Every trauma leads to damage of the organism's protective barriers, and consequently provokes an inflammatory reaction. Destroyed cells secrete substances activating and attracting neutrophils, B and T lymphocytes, platelets, coagulation factors, and fibroblasts. Cytokines are the most important factors inducing and regulating this process. That complex reaction is supposed to reinstate homeostasis in the organism, limit the damage, and avoid infection. Nevertheless, any disturbances leading to overstimulation or suppression of the inflammatory response can cause severe complications, sometimes even life-threatening \[[@cit0001]-[@cit0007]\].

In this study, multiple injuries (polytrauma) were defined as injuries concerning at least two anatomical areas, each of them individually requiring hospitalisation or specialised treatment. This definition also covers other descriptions concerning Injury Severity Score (ISS) levels over 17 or 18 \[[@cit0008]\]. In those patients, inflammatory reaction concerns not only the area of injuries but is also usually generalised \[[@cit0009]\]. Such intensive response may lead to systemic inflammatory response syndrome (SIRS), which potentially causes multiple organ dysfunction syndrome (MODS) and multiple organ failure (MOF), whereas excessive anti-inflammatory response in patients with polytrauma may result in compensatory anti-inflammatory response syndrome (CARS) predisposing to infective complications \[[@cit0001]-[@cit0005], [@cit0012], [@cit0013]\].

The secretion of pro- and anti-inflammatory cytokines changes in particular phases of reaction modulating this process by activation or suppression of inflammatory cells. Any instability of cytokines level may lead to the aforementioned syndromes that threaten the patient's homeostasis and impede the therapy \[[@cit0001], [@cit0002], [@cit0004]-[@cit0007], [@cit0012]\]. Assessment of the changes of levels of cytokines early after injury may be helpful in predicting threats and preventing them.

Material and methods {#sec2}
====================

Fifty patients with multiple injuries treated in the Department of Trauma Surgery of the Medical University of Gdańsk were included in the study. The population counted 50 patients -- 18 female and 32 male (36/64%). The average age was 39.5 years, the youngest patient was 18 years old, and the oldest 92 years.

Exclusion criteria were:

-   known autoimmune diseases or immunodeficiency,

-   chronic receiving of corticosteroids or other immunosuppressive drugs,

-   five years of cancer treatment history.

Patient consent in written form was obtained before taking the first blood sample. The Independent Commission of Bioethics approved this research -- decision number: NKEBN/37/2008. Blood samples were collected on the first, second, and fifth day after trauma. The following cytokines were evaluated: IL-8, IL-1β, IL-6, TNF, IL-12p70, and IL-10. Additionally, C-reactive protein (CRP) levels were measured consecutively.

The control group included healthy volunteers who gave their written consent to participate in the study. The population counted 20 patients -- 8 female and 12 male (40/60%). The average age was 40 years, the youngest participant was 23 years old, and the oldest 76 years.

The same exclusion criteria were used as in the test group. Blood samples were collected from volunteers once.

Commonly used numerical severity scales (ISS, GCS -- Glasgow Coma Scale, RTS -- Revised Trauma Score) were utilised in the assessment of the severity of the injury.

Cytokines levels were measured by fluorescence flow cytometry using fluorescently labelled antibodies. Clotted blood, taken on the day of collection, was centrifuged, and the supernatant was harvested and frozen at --18^o^C. After collecting all the samples the test was performed using a CBA Human Inflammatory Cytokines Kit from BD Biosciences. This method uses immunological reaction "antigenantibody" to identify particular substances in blood serum. Components of different fluorescence intensities are coated with the corresponding antibodies for individual cytokines -- IL-8, IL-1β, IL-6, IL-10, TNF, and IL-12p70. After preparing and incubating the mixture of tested serum with fluorescent substances, an immunological reaction occurred, leading to the connection of individual cytokine molecules with antibodies on fluorescent substance beads, forming the so-called sandwich complexes with different intensities of fluorescence. The test was performed using a flow cytometer (FACScan Becton and Dickinson, USA) in the Department of Physiopathology of the Medical University of Gdańsk.

Statistical analyses were performed with the Statsoft Statistica data analysis software system version 8. *P*-values ≤ 0.05 were taken to be statistical significance in applied tests. *U*-The Mann-Whitney test was performed to evaluate differences between patients and control compared groups, and the Wilcoxon test was applied to calculate differences in cytokine values between days. *P* values less than 0.05 were considered as statistically significant, and above 0.05 and under 0.10 as borderline statistical significance. For analyses of correlation Pearsons correlation test was used. For specificity and sensitivity evaluation, ROC analysis was applied.

Results {#sec3}
=======

The injured anatomical area of the body, delayed surgical procedures, and the presence of infectious complication (wound infection, pneumonia, sepsis) were evaluated ([Table 1](#t0001){ref-type="table"}).

###### 

Clinical characterisation of the studied patients

  Features% of patients   Head and neck injury   Chest injury   Abdomen and/or pelvis injury   Extremities injury   Delayed surgical procedure   Infectious complications   Sepsis
  ----------------------- ---------------------- -------------- ------------------------------ -------------------- ---------------------------- -------------------------- --------
  Yes                     76%                    68%            36%                            74%                  48%                          32%                        6%
  No                      24%                    32%            64%                            26%                  52%                          68%                        94%

Delayed surgical procedures were introduced between the second and fifteenth day after trauma; the median was the fourth day. ISS and GCS were used in the assessment of the severity of injuries in the study group ([Table 2](#t0002){ref-type="table"}).

###### 

Severity of injuries

  Values    Injury Severity Score (ISS)   Glasgow Coma Scale (GCS) at the time of admission to emergency room
  --------- ----------------------------- ---------------------------------------------------------------------
  Minimum   18                            9
  Maximum   41                            15
  Median    26                            14

Among tested cytokines there was no increase in levels of IL-1β, TNF, and IL-12p70 compared to healthy subjects. These values floated around zero. Only in four patients was an increase in IL-10 level observed, but it concerned only particular measurements. Significant changes were found in IL-6 and IL-8 levels ([Table 3](#t0003){ref-type="table"}).

###### 

IL-6 and IL-8 levels on the first, second, and fifth day after trauma and in controls

  Values      IL-6 (pg/ml)   IL-8 (pg/ml)                                                  
  ----------- -------------- -------------- --------- -------- -------- -------- --------- --------
  *Minimum*   *8.6*          *1.8*          *1.4*     *0.6*    *11.3*   *8.1*    *8.1*     *2.2*
  *Maximum*   *189.4*        *295.9*        *295.8*   *2.7*    *98.5*   *108*    *108*     *10.8*
  *Median*    *10.65*        *10*           *13.6*    *1.75*   *11.4*   *16.4*   *16.75*   *5.3*

CRP levels on particular days after injury were additionally evaluated ([Table 4](#t0004){ref-type="table"}).

###### 

C-reactive protein (CRP) levels on particular days after injury in patients with multiple injuries (Gb) mg/l

  CRP (mg/l)   Day I after injury   Day II after injury   Day V after injury
  ------------ -------------------- --------------------- --------------------
  Minimum      0.4                  7.46                  1.86
  Maximum      202.1                278.8                 315.5
  Median       36.5                 68.2                  59.15

The IL-6 level was the highest on the first day after injury and then decreased on the second and the fifth day. The differences are on the border of statistical significance. IL-6 levels were significantly higher than in healthy subjects. IL-8 levels decreased significantly during first five days after trauma. Nevertheless, IL-8 values were significantly higher than in controls on the first, second, and fifth day after trauma. CRP levels in the first day after were significantly lower than on the second and fifth day. No statistical differences in CRP levels between the second and fifth day was found ([Fig. 1](#f0001){ref-type="fig"}).

![Box-and-whisker plots present the differences between **A**) IL-6 level on the first, second, and fifth day after injury, **B**) IL-8 level on the first, second, and fifth day after injury, **C**) CRP levels in particular days after injury](CEJI-43-32455-g001){#f0001}

No correlation between analysed cytokines and patient's sex was found.

Statistically significantly higher levels of IL-8 on the fifth day after injury were revealed in patients over 60 years of age compared to younger patients. There was no correlation with age and other studied cytokines levels. Statistically significant correlation between the value of the ISS and IL-8 on the second day after injury was observed. Significantly higher levels of IL-6 and IL-10 on the first day after injury in patients with ISS \> 34 was observed ([Fig. 2](#f0002){ref-type="fig"}).

![**A**) Levels of IL-8 on the fifth day after the injury in the different age ranges. **B**) Levels of IL-6 on the first day after injury in different groups according to Injury Severity Score (ISS) values. **C**) Levels of IL-10 on the first day after injury in different groups according to ISS values](CEJI-43-32455-g002){#f0002}

Significantly higher levels of IL-8 and IL-10 on the second day after injury were revealed in patients with abdominal injuries and IL-6 in the first day after trauma in patients with limb injuries ([Fig. 3](#f0003){ref-type="fig"}). Patients with high IL-6 on the first day after trauma and limb injuries had higher incidence of infectious complications. In patients with abdominal injury the incidence of infection was higher only in cases of higher IL-8 levels on the fifth day after trauma. There was no correlation between other studied cytokines levels and the type of injury.

![Box-and-whisker plots present: **A**) IL-8 levels on the first day after injury, depending on the prevalence of abdominal injuries; **B**) IL-10 levels on the second day after injury, depending on the prevalence of abdominal injuries; **C**) IL-6 levels on the first day after injury, depending on the prevalence of limbs injuries](CEJI-43-32455-g003){#f0003}

The presence of chronic diseases before trauma did not influence posttraumatic cytokines levels. There was no correlation of cytokine levels and blood product infusions in the early period after trauma. No association of cytokines levels and the time of first surgery was found.

A positive statistical correlation between the level of IL-8 on the fifth day after the injury and IL-6 on the first day after the injury with the incidence of infectious complications in patients with multiple injuries was revealed. Analysis of sensitivity and specificity showed a cut-off point of IL-6 level on the first day after injury at the level of 63.5--68.75% sensitivity and 65.2% specificity.

Statistically significantly higher values of CRP on the second day after injury predicted infectious complications in further periods of hospitalisation (wound infection, pneumonia, urinary tract infection). Analysis of sensitivity and specificity showed a cut-off point of CRP level in the second day after injury at the level of 154.4--50.0% sensitivity and 93.5% specificity ([Fig. 4](#f0004){ref-type="fig"}).

![Box-and-whisker plots present: levels of IL-8 in the fifth day after injury (**A**), IL-6 in the first day after injury (**B**), and C-reactive protein (CRP) in the second day after injury (**C**), depending on the prevalence of infectious complications](CEJI-43-32455-g004){#f0004}

DISCUSSION {#sec4}
==========

The role of cytokines in the inflammatory response is well understood. They are among the most important activators, modulators, and inhibitors of inflammation secreted by endothelial cells and leukocytes in response to tissue damage.

Severe injuries, particularly multiple, strongly stimulate the secretion of cytokines, which often leads to excessive intensification of inflammation, leading to the development of SIRS but also in later stage CARS (Compensatory Anti-inflammatory Response Syndrome) that can lead to multiple organ dysfunction or failure and serious infectious complications including sepsis \[[@cit0001], [@cit0004], [@cit0013], [@cit0014]\].

In the very early phase after injury TNF and IL-1β play a central role. However, their concentration increases as rapidly as it decreases. As a result, only in a few studies, in which samples were taken at the time of admission to the emergency department, were high levels of those substances revealed \[[@cit0004], [@cit0007], [@cit0012], [@cit0013], [@cit0015]\].

In this study elevated levels of TNF and IL-1β were not observed even on the first day after injury, but blood samples were collected after initial diagnosis and stabilisation of patients, usually a few hours after admission.

TNF-α and IL-1β stimulate the secretion of pro-inflammatory cytokines IL-6 and IL-8. Their growth was observed in several studies concerning single and multiple injuries, and also the reaction to planned surgery. The highest levels were observed during the first 2--3 days after injury with subsequent decrease on the fifth day \[[@cit0004], [@cit0007], [@cit0016]--[@cit0018]\]. In our research the same course of changes in the levels of IL-6 and IL-8 was observed.

Only individual research projects have studied cytokines levels after trauma in the elderly, but without comparison to other age groups. In our study, however, higher levels of IL-8 on the fifth day after trauma in patients over 60 years old had a positive correlation with infectious complications \[[@cit0019]\].

The dependence of IL-6 and IL-8 levels on the severity of injuries, expressed with ISS, has been emphasised in many studies \[[@cit0001], [@cit0020]--[@cit0022]\]. In our research patients with ISS \> 34 had the highest levels of IL-6 on the first day after injury. In addition, in these patients the highest levels of IL-10 on the fifth day after the injury was observed, which may indicate indirectly a strong immunosuppression because it is one of the major anti-inflammatory cytokines.

Research in patients with severe trauma showed higher values of IL-6 and IL-8 in patients with multiple injuries, including head and/or chest trauma, within the first 48 hours after injury \[[@cit0010], [@cit0023]\].

Such correlations did not occur in our research. Nevertheless, IL-6 levels in the first and second day after injury were higher in patients with abdominal and musculoskeletal injuries. Also, IL-10 levels on the second day were higher in patients with injuries of the abdominal cavity. The lack of correlation of head injuries with tested cytokine levels may result from the fact that these injuries occurred in 76% of patients. It is therefore difficult to achieve a statistically significant comparison.

In individual studies, higher levels of IL-6 in patients who were treated with massive blood transfusions (\> 15 units of packed red blood cells \[PRBCs\]) was revealed \[[@cit0013]\]. In our study no correlation between cytokine levels and transfusions was found. However, patients included in the study did not require such excessive blood supplementation. Research concerning the effect of transfusion on the immune system (not related to trauma patients) showed an increase in anti-inflammatory cytokines, including IL-10 after the application of blood products \[[@cit0024]--[@cit0027]\]. In our study such a relation was not observed.

Despite the confirmed effect of surgical trauma on some parameters of the immune system, including cytokine levels \[[@cit0019], [@cit0028], [@cit0029]\], in our study no influence of the time of the first surgery on the secretion of tested cytokines was revealed. Perhaps the stimulation caused by multiple trauma is so excessive that the subsequent additional surgical injury was not able to initiate a more severe reaction.

In most studies correlation between IL-6 and IL-8 levels in the early phase after injury and the prognosis for the development of multiple organ failure, survival, and the prevalence of infections, considered as one of the major causes of death in patients after trauma in the further period, has been demonstrated \[[@cit0014], [@cit0021], [@cit0028], [@cit0030]\].

In our research mortality was not analysed because, fortunately, all patients survived the effects of the injury. However, a correlation of IL-6 levels in the first day after trauma and the occurrence of infectious complications in patients with multiple injuries was revealed.

It is worth noting that IL-6 is a major activator of secretion of CRP. Our findings indicate correlation of CRP in the second day after injury with the occurrence of infectious complications. In some trauma centres, especially in Germany, monitoring of IL-6 levels in patients with multiple injuries has been introduced \[[@cit0001], [@cit0021], [@cit0022]\].

In our study correlation of IL-6 on the first day after injury and infection was demonstrated. The study showed higher sensitivity of this test as compared to CRP in the second day after injury (68.75% for IL-6 and 50% for CRP) but much lower specificity -- 65.2% for IL-6 with 93.5% for CRP.

In our research higher levels of IL-8 on the fifth day after injury in patients who developed infectious complications was revealed. Similar results were observed in other studies \[[@cit0001], [@cit0006], [@cit0011], [@cit0013]\]. In patients with multiple injuries, the increase in IL-8 levels could have been the result of already present infection in the latent phase.

Some studies also showed a correlation between IL-10 levels and complications of the respiratory system -- both infectious and ARDS (Acute Respiratory Distress Syndrome) \[[@cit0011], [@cit0013]\]. In our study, a similar dependence was not found.

Conclusions {#sec5}
===========

Severe trauma resulting in multiple injuries significantly affects the course of the inflammatory response. This leads to higher levels of proinflammatory cytokines -- IL-6 and IL-8 and the main anti-inflammatory cytokine IL-10.

In patients with multiple injuries the highest levels of IL-6 in first day after injury occurred in patients with ISS \> 34, and they correlated positively with the incidence of infectious complications. The values IL-8 on the fifth day after trauma also correlated with infections and were highest in patients over 60 years of age. This can lead to the conclusion that older patients and those with ISS \> 34 are initially the most vulnerable to infectious complications and require a broader context of prevention activities.

The most severe dysfunction of selected parameters of the immune system in patients with multiple injuries appears in the first two days after trauma. However, even on the fifth day the immune system is still not fully efficient. Monitoring of IL-6 levels may be useful to find the optimal time for elective procedures.

Monitoring of both parameters may help to identify patients susceptible to infection in the first two days of hospitalisation with great clinical importance.

The correlation of IL-6 and IL-8 with the occurrence of posttraumatic infectious complications was revealed. The most useful parameter is the IL-6 level on the first day after injury and the CRP level on the second day. Monitoring of both parameters may help to identify patients susceptible to infection in the first two days of hospitalisation, with great clinical importance.
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